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(54) THIN-FILM ACOUSTIC RESONATOR AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin-film acoustic resonator of 
high performance which is excellent in electro-mechanical coupling 
coefficient, acoustic quality coefficient, etc. 

SOLUTION: A recess 52 is formed on a substrate with a thin silicon oxide 
layer 53 formed on the surface of a silicon wafer 51 and a sandwiching 
structure 60 consisting of a piezoelectric substance layer 62 and a lower 
electrode 61 and upper electrode 63 joined to both surfaces thereof is 
arranged across the recess 52. The top surface of the lower electrode 61 
and the under surface of the piezoelectric substance layer 62 joined \ '■ 

thereto are <2.0 nm in the fluctuation in the RMS of the height The j| 
thickness of the lower electrode 61 is <150 nm. /• 
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T#«ffi6 lSlta^-fr-S, T2rtt«6 l©#jlfc*m 

(Mo) TfeS. bj^b» TSrS®61 10 
&m<DWftrc£Z.iXA K W, Au, P t $&«T i 

0Zfy t > (Mo) fci^Ltf, Mo(D|<!# 

tt«jfctt. A 1 ©$J 1/5 6t?i2>. 

[0 0 4 1] T^ffi6 10iP$feaST^^, 0 JPt-i/f 
tt, »^H«fcO*ffi*«a<^:S. JES&Jf 6 2 ©if «© 

I6 10ISI1 »3gfC«l 5 0 nm£CFT3&$. Mo 

D> *ffiCDitf$©RMS^ftdi2. 0nm£lTOMo| 

[0 0 4 2] -RJli6 1 *JMHIboT*6. JZW. 
*I6 2 t«W*. EE«#^ 6 2 ©iff jgfctmtt, A 

2©/P£te, 0. 1 nm*S 1 0 jum©K (ffJKIi 
0. 5 wm~ 2(im) tca&^>„ J£^#g 6 2 ©±®te, 
!«3©RMS&l&jWE«#:gJP;£ ©0. 5 0 

X6tT-r**©3&J»SU<. 3*a0*3jWEE«{*: 30 

I62CISC5. 0XaTT»5OiJ«»*l/lr». 
[0 0 4 3]«&K, ±^««I6 3 ^ttaS-Q-^,. Ji^r 

ti6 3ii, T*t«6 i tm&ttttmfrzmtffzn, 
»5aicttMo*^«u«sns. 
[0044] «±©i3iat, T*m«6 i, 

i6 2S«±*tg6 3*?,^t) < B^S©^tCA^ — 

»C^SftTHS«i;5k:, SE*ji*«|ji#:6 0©SIgB3;£; 

6 0 KJ; 0 Sfrn-TlcSffi LTtr»S« 
tt!5 5 0ff»»6, #S?H 2 O : HF*jrexy3=-> 40 
^■T'SC.hfC.tO, tfc*&#.#lie#: 6 0 ©T^© P S G 
£fcR££T-5. itlCiO, 0 81Cjr;£trO>3ck? 
»C, tt*5 2©±fC*3BttSnfc#E*ii*«|jg#:6 0*< 
3»*. En^, t*#-&2M8i6ft: 6 0 tt» *«©«®lc^ 

[0 0 4 5] £i±©J;5lCUT»e)nfeFBARt*5li 
Ttt. «tti5 5©^I (B5£©RMS^g»!7!>tl . On 
m£AT) KftoT, tO±C»«3n&T*ti 6 1 © 
Tffi©iS3©RMS^ib#2. OnmKTTfeO, JEK 50 
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KT*«@6 1 «H$*^ti©T±H%)ilI$©RMS^ 
«I*t2. 0nm£TFT&-5. tl/T, i!©T*tl6 1 
©±BflCttoT, f©±fcMSnfcEt#S6 2©T 
M©i9;$©RMS^i!j*t2. 0nmRTT*5, T^rffi 
S6 l©*tSj&vS:±®tt, JEE«ffcJf 6 2©f£ftl£ < h&.5> 

€#B 6 2 K#*K«fl!|jEbH*ao c MEM«»Ab 

[0 0 4 6] @9~@10(t #3891K:«fc-5*»#g8g 
S F B AR ©Si&SrSc&WE-nK: «k 0 » & nfc F B 

a r ©se \zm(DMffimm tmmi- z fctb<Dm^.mmmm 

^©^JSJ^SgTtt, ±iB0 3~5ICBIbift9ib 

&£-5ttxs®&<c. B9c*snTns±5ic, mm 

ftI5 45Mt^ *fiig:#:)i 5 4 te, fct^fcfS iO 
2 IT«S0, CVDj*»C«kO*fe«-r-5J:t**T*-5. *C 
©*6»#Jl5 4©JP£fci:, mtf 5 0~1 0 0 0 nm-C 
»9. -£-©-h®fiiiS;*©RMSg»a*2. 0 nm£tT"t? 

^©Jilc, -hiB0 6KHbtttiiiibfc c fc:5&lg£ 
ffoT**ii*»Bft(*:6 0ft»J*-r*. &lr>T?, 010 
fc^$nx^SJ;5fc, ±BB7»IflB8fc«l/RWU 
fc«fcp^ia*fToT, FBARS§5„ *-CD|Rlc. «t 

6 0©SS8S5*fcttSE*a*«jS«:6 oc±Dit»nxn 
•ft^»»#I5 4ffl»»t»oT«ttl5 5©±^©gf 

[0 0 4 7] *HJfi}g!i©FBARtt, SEiM&**tig#: 

6 o ±&ms 2 t©wtc«&aift:@ 5 4#E®£nTi5 

0 , ft^&^-ffiigfl: 6 0 tC Jn*T*fi»#S 54* t>-£ A, 
£*!•&©-?> K«»S5©^*d«|fii±f 

•5. 

[0 0 4 8] £JU©§fe5fcJ£S8tt. FBARCHnt© 

T'a-feX t>T S B A R £fe$Tf •& C i £ 
C£#S9! 5. SBAR©»^tc«. fer>-0 
©fl£«ft:® (^2©BE«*B) *5<t^©±©S® (|R 

2©±^ma) ftitaibftitn^&AV). %2v>mm. 

#itt±BSOI»*T?*anTWSJ:3!a: TFBARj 

JP££t>l 5 0 nmKTk:lft»UTJB2©£E«fl:Jifti» 
«T*fc»oa«J«:aiif (Sgl©BEmjI©T#»g© 

[0 0 4 9] 011tt #»Wfc.fc* i fiF#*»BT** 

Mfcgij©ms^ffi$ria^-rsfcJ6©^s:e«)»fffi0T» 

D, 01 2«-€-©Ji^mffi©¥ffi0Tfe?). '©^JS^ 
SBTtt, ±*ti6 3©M©*, ±120 3-8 tUb 
Kt^bfc^JS^ffiiS^^. 
[0 0 5 0] *Ste»»l8"Ctt. ±^r«®6 3 0*>f>£ffi6 
3 1 <tK^g|5©MH(C#^{C{4SbS.otp^gJ56 3 1 
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<t o mmon-m® 6 3 2 1 £*tr 63iin 

[0 0 5 1] fl.Jig&6 3 2©JP£te, «t»*iSB6 3 1©JP 

3 1 ©JP£^»j«. K*5feSB©J¥£ Wt^lt) ©2%^ 
TT&3©#$? ±#«& 6 3 © Tf & a tt. M*. 

«10 0 (tmTJiS. *1-/igB6 3 2te±#«@6 3 ©fl- 
&^SE8lb3:-£©$SBrt{;:feBLTi39> EfRbtefll 
*.«4 0 /imSTffllTSS. 

[0 0 5 2] Z<D&ote±Xnmmjkft2>Z\f?. ± 10 
#«®m?3&T©«#ft©Sifr^££fflf!i!]U 

©*S^^SS^S8:7&igs:g^ n-5 . 
[0053] **«»i8-ri4, -esft^swas^ift 

CQfit) *^*fc*fc, ±^m8S6 3©*p£igB6 3 1© 
&W<D5teQMZ\Z, J£f#:l6 2©JP£©5. 0 %JEA 

[0 0 5 4] *%W©-hj^©HJS^IiT«. PSG*6 
«J«*nfc<ittJi*?iJfflUT«r»**«. tKttSfcfcMfl©** 20 
ftS'bffiffltiJl-i^TSi. fc<b*.fcE, BPSG (B 
oron — Phosphor — Si 1 icate— Gl 
ass : #D ij 3 >-#^;0 XfcT 

©*a«M^WlCtt»6.^-r^:ti©-C, in6W)!i^ 
«tt@€r<tfig-r^.«^trfe, PSGSItt^©*^©^^ 

jc, w*itJ:**ffl3|tit{b3j«asET**. ^ne.©«a 30 

[0 0 5 5] 

[0 0 5 6] QUtMl] H3~H8tElSnTlJ6 

[0 0 5 7] Sf, SliJi-A5 10SIJPt/T 

*#J*©&J&©iJrJe©A£'— >tt»C»j«UT, S i >^x 40 
— A5 1 ©Xy^>^<Z)fc#<Dvx^£JgJ5gLfc. ■£•© 
P t/T i A^->vx^Srffl^TSSCx^5 1 >y 
*ffV>, 03tSSnTH5i5C, «S 2 0 /xmTd 
150wmOlMMLfc. '©X>y5 L >^«, 5* 
IXOKOH*«f*SfflH, ttfi.7 OICT&lfcUfc. 
[0 0 5 8] f©^, Pt/Tl;^->7WSBli 

—A 5 1 ©SSICJPS 1 um© S iO z 153 £^J5£ 
U S i fi-A5 IMS 1 0 2 15 3#*5ft£2£ 
±»Ctt*5 2©}g^SnTlriS«jfi*#fc. 50 
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[0 0 5 9] jfcHT, H4fciSatlTl>*J:3lc, 
5 2 ©^fig^nTliS S i 0 2 153 ±fc, /5 $ 3 0m 
m©PSGittl5 5i£*8l3tfi:. HO*fi|tt. 4 5 
OtT, ^7>»^7-f> (PH 3 ) SS^tUT 
J8t>fclRCVD&lcJ:t)fT'3fc. 

[0 0 6 0] JfcHT, 0 5fC^^nX^.5«kplCbT, 
PSGlttl5 5<Z>&i5$BMU £*5 2SWomm 
©PSGittl5 5£®5£L*:. I«V»T. tt*5 2rtfc 

^s-r s p s Gm&m 5 5 ©*M£«s»ifcw®&^ 

©RMSSEl^l. 0nmtft5±5l:L&. 

[0 0 6 1] H6IC^SnT^-5«k5fC, PS 

G«ttl5 5 JilCff;* 10 0 nmtti*2 0 0X2 0 0 
#m©MoJ«^S£5TS5Sffi6 1 £j£js£L£:. Mo8 

*l/T. |J7 h*7fe»C«J;DMoK©A^ — ->^&fj 

jS5S©RMS^»ttl. 5nmT»9fc. 

[0 0 6 2] *^T> TSB«ffi6 l±t:ZnOlA>&a 
51. 0 wmJ£©EEtt#JI6 2£JgjBSL.jfc. ZnOlC 

^. xn*y^tl/TArt0 2 tffll^XSffl 
lr», X;Vy^lI$5mTorrtU »SiaS4 0 
0tTRFY^bD>^y^l;<kf)ffo&. m&L 

MS^lfttt^JP©0. 5%£TF©4. Onnre&ofc. 
lilyf>^fci 0 Z n Om$:ffife&mzrt5'--> 

tfVTizn&m 6 2 

[0 0 6 3] &<,>T, JE«#JI6 2_hlc, JPS 1 0 0 n 
m©MoK^e>^:-5±gP«^6 3SMlfc. MoM© 
*«RW^-=>^tt. TSB««6 lOMOK&n 
atLfc. _kg&«®6 3©*Mto^T. 1 5 

0 MmT?-5;te0iS3 3r$l5£U jBJ^S^ 10 0 MmT© 
■StaOiS^Wg^cffl^P^fet^^, JEE«#=S6 2©K 
JP©5. 0WT©3 0nmt*-3fc. 

[0 0 6 4] JfeViTT, f&8?H 2 O : H.F*ttTXy9 t > 
^?«£&£J:9PS£fittJ|5 5&|l*£Lfc. cnt 
<fc?K 0 8lC^£nT^5«fc3tC, ffi^5 2©±lCMo 
/ZnO/Mo ©&*& *tt fift 6 0 TWS&ttS 

[0 0 6 5] #e.n/!:EE«#S6 2©»IXRD»M 
fere* 9, a y *>i> r *-^fc±0ElSl**PI'<fctS 

[0 0 6 6] «±o«k3k:bT#6nfc*W*«»ft:o 

IriT, 7>f ^ D«7 , 0-A««i l/T±»U 6 3 tT 
g&m@6 1 t©W©-f >hf-y>X#tt$?B!l^'r5 < i:i: 
t>t, *fiHig©:f r RtXK^lg^&S: f a««SU 
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Vtc S^««jg£-t6gck t 2 «5. 5%-C, 

coo67] [ittm i ] p s G«tte 5 5 <D&mmz 

£&£©RMS^IMi3 0 nmift5ipl;Wi$fr-3 
Lit. 

[0 0 6 8] TSPmffi6 l©Mo|g|©:8Ma$£«!|^U 
H5fflRMS»i3 4nmT*ot. S 

S^»«J|Jp©0. 5%$li5 3 7nraT*ofc. ± 10 
g&«®6 3©*ffl{;:-pHT, SilJtiS 15 0ttmT5*a 
9iS;*£ai5£U $ljeft£ 10 0 Aim-e©-5*a0i5£© 
S^cttSrP^fctC^, JE«#J1 6 2 ©JSIJ¥© 5 . 0% 
110 nmTSoTto 
[0 0 6 9] #£>nfcJ£«#J16 2®ilXRDMS: 
fTofc<b£3, Jg©c?|iltelg®l£2tbT8 7. 0«©*% 

^fcSS^, tf-*©¥M*Itt6. 8 ofc„ 

[0 0 7 0] ^±©<fc5fcLT#£nfc*S#S8g©m 
^*8M*S^fly&k t 2 «3. 4%T, ^SWiS^lgCtt 20 
4 3 0T*ofc. 

[0 0 7 1] «ig^|2] EESffS6 2 tLTZnOI 

ism tmm\zVT : g®#M!&*:ftm.i-rc. ts& 

1S6 1 ±\ZA 1 NIA^SI. 1 . 2 u.mW><DEEM>frm 
6 2£j£j&Lfc„ A 1 Nm<DBm\Z. Xrty?V>if? 
—fv btVXA 1 SrfflU, X/Vy^itTAri 
N 2 <h©fg-g-#X£mv S«iSS4 0 OtTRFT^ 

©StffiffiSSriBI^Lfct;:^ SS£©RMS^l!jKig|JP 30 
©0. 5%£TF©2. 4nmT<fcofc. _tgBSffi63© 
^SfCO^T, SllJggS 15 0 //mT-5tal9il5$$ra9^ 
U S1^5$ 10 0 MmT©'3*aDiiS£©^;»dii£:Ili'<: 
JE^fcfl 6 2 ©BIJ?© 5 . 0%EIT©3 3n 

[0 0 7 2] #6tlfcm«#:@6 2 0«IXRD^$ 
fT^fe-fcc^ M<Dctt«^SlC^bT8 8. 

JH. tr-^©#ffiiBtt2. 8^-eso. &»&i2ft££ 

7h\sX^tz* 40 

[0 0 7 3] KA±<DJ;plCLxT#^n^#S*aSg©« 
M&l**S£&gck t 2 K£6. 6%T, ^SWSK^tt 
9 10T»ofc. 

[0 0 7 4] [tt&fcm PSG«14S5 5©*jgS|&3 
SUSS ©RMS 3 3 nratftSJ; p lC#J^£fT-3 

L/fc. 

[0 0 7 5] TSB«®6 1 ©MoK©*®ffi$S:iB!lSb 
ilSORMSWJ3 6nmT$7fc. £ 
fc. A 1 NfgkOmw)8.-2$:MfeVfc£.Z\?>. iS£©RM 50 



1*88 2002-372974 
14 

S&Wj\tmm<D0. 5%&M/L%4 0nrm?c&^>;fc:. _h 
gB«@6 3©^BK:m>T> iSl3eS$ 15 0 /tm-epfe 
OmZZMfeL. mfe&Z 10 0 AtmT©p^aD?lS$© 
ft*4tSM"<fc£Z:%. JEE«#JI 6 2 ©KJP© 5 . 0% 
SrSSAS 15 0 nmT&ofco 

[0 0 7 6] *#e>nfcJEEfl#:Jl6 2CfIXRDM$: 
n-otziiZ.^^ K©ctt«KSlc^L/T8 6. 5ft©^ 

'cfctt*, tr-i? ©¥««§« 7. oare&^fc. 
[0077] ^©jc^fcbTwe.nfc^s^fgigcD^ 

Stl^ISckt 2 «3. 8%"C> IrSWaKfg&ia 
[0 0 7 8] [HJSM3] 03~05, 09~01 01C 

[0 0 7 9] 5feT. SiSSflll tH^lcUT, @5l:SS 
n£8Sjgf*:£#;fc. <IU I«.5 2rtf;l@T2.PSG 
5 5 ©^BSr^Jffl^9f^!(aT £^tfX 5 U -Srffl 
^TSHSU ^©StgfiSSBS^RMS^i^O. 6 

[0 0 8 0] ^tlriTv E9lC^$nT^-5J;5IC, PS 

J:DJS2 5 0 0 nraOS i O z ffil;fr"E>ft£iSftjgtft:Jl 5 4 

bfctd5, fli£©RMS^»«l. 5nmTibofc. 
[0 0 8 1] iKtvT?, ffilitff:Jf 5 4 JtfC, HJS^J 1 tH 
tHldbT, El 0lC^$nT^^«fc-5ICv MoW^e»JS: 
*TgB«ffi6 l£Jgf£bfc. ^$tXfcMo|g©*®ft 
££fi!5tLfc,i:;i^ ii52©RMS?gl!jlil. 8nmt 

So /to 

[0 0 8 2] JfcHT?, *1W1 £R|*fcl/r, TgJSffi 
6 l±KZn0^6fc5ffiS#Jf 6 2£jgf£Lfc. J£ 
j££*XfcZ nO®£©*®&£ £«g5t bit i;i;5, «£© 
RMS»Jif©0. 5%JWT©4. 5nmT*o 

[0083] i tmmiz LT, JE«#Jf 

6 2±lCMo^e.7a:S±geilSi6 3 £J£j£bfc„ _h88 
«S6 3©*HlcOViT» mfe&Z 15 0 jtzmT5*aD 
S^SrSllfeU 10 0 Mm-C©-5*at)i!53©S 

*ffi£SS^fc££3, JE«#H 6 2 ©Igff © 5 . 0 %U 
T02 7nmT^!t. 

[0 0 8 4] mmfrm 5 4 ©stu lt^s»» 

KPSGlittJl5 5(C«-TSAWT*-;W*^Pb, K 

tCJ:0PSG«ttl5 5Sr»*Lfc. ^tltCfcO, m 
1 OtC^^nTl^Jcpt, S*5 2©±1C«6»«:«5 
4 tMo/Z nO/Mo ©&*&*«!&«: 6 0 «h©«e 

[0 0 8 5] #e.nfcJEES#/l6 2 0fIXRDMS: 
fTO^tC5. K©ctt«^SfC*fUT8 8. 8*0)* 
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[0 0 8 6] &±<D£5\ZLT&t>tltc&W : &MmiZ'Z> 
g&«®6 1 t<Dffl<D-{ >X-y>X!ft&$:fflj£-t2>t.t 

z.t\ib (DWfem \zm-j$mia.mw&&%$i k t z sum 

K^S:«6 8 O-C&ofc. 

[0 0 8 7] [J£$fc#| 3 ] P S G W&ft 5 5 09^®&£ 
£jgS$CDRMS£I!jflt3 2 nmt45 J; 5 tCW^Srfr t> 

[0 0 8 8] mm&m5 4<DS i0 2 
tUfctr5, HS©RMSfft(i3 6nmTfe-3fc. 

-5, BSORMS^ittSSnmT^fe. Zn 
Om<D&mi8.2&m!£Vt£ZiZ\?>, iSS^ODRMS^Kjte 
BIJPOO. 5%^5 3 9nmT^fc. ±SB«ffi6 
3<D*ffiKOVvr, iBS^fi^ 1 5 0 MmT3*aDS;$$' 

aojeu ss^s$ ioo p.m-u<D?*3.K>m-$<?>m±m>£: 

9 2 nmT&ofc. * 
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* [0 0 8 9] ff^ntEt#I6 2©»lXRD»«fS; 
frofcid^, S0cttlilEl:»bT8 6. 5g©ft 

[0090] ^©jc^fcbTWe.n^s^ggom 

SMSW&^f&kt 2 «2. 9%T. WSW&RfiifScki 
3 9 OT&ofc. 

[0 0 9 1] [Hififll 4 ] ±SB«g 6 3 <DMi$l£Ur\.\$^ 

10 Jfifi»J2ira^{CbTJE«^B6 2±izm$ 1 0 0 nm© 
Mom&m&lstc.'&lZ. Zr<DjH.&frP> 3 0 tfm©«g©M 
ttlC&ViT, XlCU7h:t7&CJ:r>JPS2 OnmtDM 
oISMLT, 01 1 fC^;£nTH5J;5&±gBm® 
6 3£j£j5£brt:. 

[0 0 9 2] JiSPmS6 3<Dt*>3lg&6 3 1 <D%M\Z-Z>^ 
T, »£Jt3 10 0 MmT5*aDiiS$^P^fct^^, 
JEE«#Jf 6 2 Otf © 5 . 0OTffl3 4nmt*o 
fc. 

[0 0 9 3] &±0<k5£LTft&nfc&«ASS«>« 

20 ss;««ife^«ftk t 2 tt7. =gw$>8,n&mz 

9 6 OTab^fc. 
[0 0 9 4] 











RHS(ra) 




tftttJB 




E « ft ft |g 


±®*ffiJB 


kf (%) 


0 




KtSCna) 




RMS (ma) 




RMS (no) 


j (des) 






irm) 


3UWW1 


1.0 






Ho 


1.5 


ZnO 


4.0 


89.2 


2.1 


lb 


34 


6.0 


770 




1.0 






Ho 


1.5 


AIM 


2.4 


89.0 


2.5 


Ho 


38 


6.9 


960 




0.6 


SiO. 


1.5 


Mo 


1.8 


ZrtO 


4.5 


89.2 


2.0 


Mo 


30 


5.7 


730 




1.0 






Mo 


1.5 


A1N 


2.6 


89.7 


2.5 


Ho 


40 


7.5 


1000 




30 




Mo 


34 


2n0 


37 


87.0 


6.5 


Mo 


220 


3.8 


460 




33 






Mo 


36 


A1N 


40 


86.5 


7.0 


Mo 


280 


4.0 


500 


wm3 


32 


SiO, 


36 


lb 


38 


ZnO 


39 


86.6 


6.7 


Mo 


185 


3.3 


420 



[0 0 9 5] 

*T¥»*«lttJi*®±fcit»*fctt|fi||M|eJiS^b-r 

S£lba*2. OnmRTt&Si^CL, -e©±KJ£« 
*»ft»J«T*©T, ^10DSSI©«8fitt*«ja]±U, d 

&fc8ftfc*tttt&*K*«ASgg«qift£ft5. 



50 



[HffiOfB^SiM] 

[01] *f§Wfc«fcS»R ; lF##jggTi&3FBAR© 
[0 2] *96i&££«*g|«*£S8-?««SBAR«> 
[0 3] #%9§fc J; S FBAR©Sfjg 

[04] **WKJ;S*W*S»T**FBARfl!>«j6 

^s&tf-eftic j; d *t e. ftfc f b a r ommmm *wtw 
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[0 5] *mw\z&z> : gwxm®-e$>z>F b ARvmm 

T Z> Tc tb ©«SCW»r® 0 T * 3 . 

[06] *»W;i«k£#S&«ggT&*FBAR<D§Sjg 
*j£R^-f-nt«t OfSntF B AR©gy£Jglfi£ia9§ 

[0 7] ^WCct^g^SSgT&SFBAROSif 

^ffiRtx^-nfcfc (3 »e,nfcF b ar (D&mmmzmw 

[0 8] #3IWcJ;£$g#ffi8gT&3FBARcD$S3t 

^fe&tx-e-ti tc <t d # •=> ti?t f b a r (Dmmmm^m 

[09] #fe^C«k3^g&®g8T&£FBARCD©ii 

^jSRtx-?-ti{c<fc t> # s ttfc f b a r <o^tim*&&mm 

[010] *»WfC t k-5 ; iP#«fgSgTa&-5FBARC9S 

jfi^ft&cx^-nc j: o f§ e nrc f b a r <ommmm £ ia 
* tctb amxtism ® 0 1?» 5 . 

[011] *^^fC«fcS^S*^T*^FBARC0S! 20 
T&XmRZf^tllZ <fc 0 # £ tlfc F B A R OHifi * ft 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st front face of said piezo electric crystal layer is a thin film sound resonator with which it is 
characterized by having a piezo electric crystal layer, the 1st electrode joined to the 1st front face of this piezo electric 
crystal layer, and the 2nd electrode joined to said 1st front face of said piezo electric crystal layer, and the 2nd front face 
of the opposite side, and RMS fluctuation of height being 2.0nm or less. 

[Claim 2] The near front face of said piezo electric crystal layer of said 1st electrode is a thin film sound resonator with 
which it is characterized by having a piezo electric crystal layer, the 1st electrode joined to the 1st front face of this 
piezo electric crystal layer, and the 2nd electrode joined to said 1st front face of said piezo electric crystal layer, and the 
2nd front face of the opposite side, and RMS fluctuation of height being 2.0nm or less. 

[Claim 3] Said 2nd front face of said piezo electric crystal layer is a thin film sound resonator according to claim 1 to 2 
characterized by RMS fluctuation of height being 0.50% or less of the thickness of said piezo electric crystal layer. 
[Claim 4] Said 2nd electrode is a thin film sound resonator according to claim 1 to 3 characterized by having a center 
section and the periphery section thicker than this center section. 

[Claim 5] The external waviness height of the front face of the center section of said 2nd electrode is a thin film sound 
resonator according to claim 4 characterized by being 5.0% or less of the thickness of said piezo electric crystal layer. 
[Claim 6] Said periphery section is a thin film sound resonator according to claim 4 to 5 characterized by being located 
in the perimeter of said center section in the shape of a frame. 

[Claim 7] Said 2nd electrode is a thin film sound resonator according to claim 4 to 6 characterized by thickness 
fluctuation of said center section being 2% or less of the thickness of this center section. 

[Claim 8] The thickness of said periphery section is a thin film sound resonator according to claim 4 to 7 characterized 
by being 1 . 1 or more times of the height of said center section. 

[Claim 9] Said periphery section is a thin film sound resonator according to claim 4 to 8 characterized by being located 
within the limits of the distance from the rim of said 2nd electrode to 40 micrometers. 

[Claim 10] It is the thin film sound resonator according to claim 1 to 9 which puts and is characterized by supporting the 
edge by said substrate so that the structure may straddle the hollow which consists of said piezo electric crystal layer, 
said 1st electrode, and said 2nd electrode, and which was formed on the surface of the substrate. 
[Claim 11] The thin film sound resonator according to claim 10 which the insulator layer formed on the front face of 
said substrate so that said hollow might be straddled is arranged, and is characterized by forming said clip lump 
structure on this insulator layer. 

[Claim 12] It is the approach of manufacturing the thin film sound resonator which has a piezo electric crystal layer, the 
1st electrode joined to the 1st front face of this piezo electric crystal layer, and the 2nd electrode joined to said 1st front 
face of said piezo electric crystal layer, and the 2nd front face of the opposite side. Form a hollow on the surface of a 
substrate, and are filled up with a sacrifice layer in this hollow, and the front face of this sacrifice layer is ground so that 
RMS fluctuation of height may be set to LOnm or less. Said 1st electrode is formed on them over some fields of the 
front face of said sacrifice layer, and the field of a part of front face of said substrate, this — the manufacture approach of 
the thin film sound resonator which forms said piezo electric crystal layer on the 1st electrode, forms said 2nd electrode 
on this piezo electric crystal layer, and is characterized by carrying out etching removal of said sacrifice layer from the 
inside of said hollow. 

[Claim 13] The manufacture approach of the thin film sound resonator according to claim 12 which forms said 1st 
electrode in 150nm or less in thickness, and is characterized by making the top face of this 1st electrode RMS 
fluctuation of height set to 2.0nm or less. 

[Claim 14] The manufacture approach of the thin film sound resonator according to claim 12 to 13 characterized by 
preceding forming said 1st electrode on said sacrifice layer, and forming an insulator layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film sound resonator using the electroacoustic effect of a piezo 
electric crystal thin film. A thin film sound resonator can be used as a component of the filter for transmitters. 
[0002] 

[Description of the Prior Art] From the need of reducing the cost and the dimension of electronic equipment, efforts to 
make small the dimension of the filter as the circuitry element continue continuously. The severe limit is added to 
consumer electronics like a cellular mobile telephone and miniature radio to the magnitude of the component built in it, 
and the both sides of cost. The electronic equipment of such a large number uses the filter which must be aligned with a 
precise frequency. Therefore, efforts to offer a cheap and compact filter are continued. 

[0003] What is constituted using a sound resonator as a filter which may fill the demand of these low prices and a 
miniaturization is mentioned. The sound resonator uses the bulk elastic acoustic wave in a thin film piezo electric crystal 
(PZ) ingredient. With one easy configuration of a sound resonator, the layer of a thin film PZ ingredient was put 
between two metal electrodes, puts, and forms structure. It puts and structure is supported by [ this ] supporting a 
perimeter by cross-linking ****** by which the center section was hung in the air. If electric field occur with the 
electrical potential difference impressed between two electrodes, PZ ingredient will transform some of electrical energy 
into the mechanical energy of the form of an acoustic wave. An acoustic wave is spread in the same direction as electric 
field, and is reflected in an electrode / air interface. 

[0004] While resonating mechanically, a sound resonator can function as an electrical resonator, therefore can constitute 
a filter using this. The mechanical resonance of a sound resonator is generated on the frequency to which the thickness 
of the ingredient which an acoustic wave spreads becomes equal to the half-wave length of an acoustic wave. The 
frequency of an acoustic wave is equal to the frequency of the electrical signal impressed to an electrode. Since the rate 
of an acoustic wave is smaller than the rate of light 5-6 figures, it can use the resonator obtained as a compact 
extremely. The resonator for the application of a GHz band can consist of diameters of less than 200 microns with a 
dimension with a thickness of less than several microns. 

[0005] It puts in the above thin film bulk sound resonators (Thin Film Bulk Acoustic Resonators: call it Following 
FB AR), the laminating thin film bulk sound resonator of the gestalt which carried out the laminating of the above- 
mentioned clip lump structure, and a filter (Stacked Thin Film Bulk Acoustic Resonatorsand Filters: call it Following 
SBAR), and the core of structure is a piezo electric crystal thin film with a thickness of about about 1-2 microns 
produced by the spatter. The electrode of the upper part and a lower part gives the electric field which work as an 
electric lead, put a piezo electric crystal thin film, and pierce through a piezo electric crystal thin film. A piezo electric 
crystal thin film transforms a part of electric-field energy into dynamics energy. The stress / "distortion" energy which 
answers the impression electric-field energy which carries out time amount change, and carries out time amount change 
are formed. 

[0006] In order to operate FB AR or SBAR as a sound resonator, the air / crystal interface for [ containing a piezo 
electric crystal thin film ] putting, putting an acoustic wave in support of structure by cross-linking ******, and shutting 
up in structure must be formed. It puts, and structure is made, when a lower part electrode and PZ layer are deposited on 
a substrate front face and it next makes an upper part electrode usually deposit. Therefore, it puts and air / crystal 
interface has already existed in the structure bottom. It must put and air / crystal interface must be established also in the 
structure bottom. Although [ this ] it puts and the air / crystal interface of the structure bottom are obtained, some 
approaches as shown below are used conventionally. 

[0007] The 1st approach uses for JP,58-153412,A like a publication etching removal of the wafer which forms the 
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substrate. If a substrate consists of silicon, a part of silicon substrate will be etched and removed from a background 
using a heating KOH water solution, and a hole will be formed. The resonator which has the gestalt which put and 
supported the edge of structure in the part around the hole of a silicon substrate by this is obtained. However, it is made 
very easy for the hole which was able to pierce through and open such a wafer to make a wafer very delicate, and to 
destroy. Furthermore, if wet etching using KOH is performed to a substrate front face on 54.7 etching inclinations, the 
improvement in the amount of acquisition of a final product, i.e., the yield of FBAR/SBAR on a wafer, is difficult. For 
example, the abbreviation 150micrometerxl50micrometer form width formed on the silicon wafer of 250-micrometer 
thickness is had and put, and structure needs background etching opening of an abbreviation 

450micrometerx450micrometer dimension. Therefore, the abbreviation 1/9 of a wafer can only be used for production. 
[0008] The 2nd conventional method of putting and establishing air / crystal interface in the bottom of structure is 
making an airbridge type FBAR component like the publication to JP,2-13109,A. Usually, a sacrifice layer (Sacrificial 
layer) is installed first, then, it puts on a sacrifice layer, and structure is produced. A sacrifice layer is removed near the 
end of a process, or the end. Since all processings are performed by the front-face side of a wafer, as for this approach, 
neither the alignment by the side of wafer both sides nor background opening of a large area needs them. 
[0009] The configuration and the manufacture approach of an air bridge type FBAR/SBAR component which used 
phosphoric acid quartz glass (PSG) as a sacrifice layer are indicated by JP,2000-69594,A. In this official report, the PSG 
layer has deposited on the silicon wafer. PSG is deposited at the temperature to about 450 degrees C using a silane and a 
phosphine (PH3), and forms the ** glass Mr. matter which is about 8% of phosphorus contents. PSG can be made to 
deposit at low temperature comparatively, and is etched with a very high etch rate with a dilution H2 OrHF solution. 
[0010] However, in this official report, although RMS (square mean square root) fluctuation of the height of a PSG 
sacrifice layer is indicated to be less than 0.5 micrometers, there is specifically no concrete publication of RMS 
fluctuation of order smaller than 0.1 micrometers. When RMS fluctuation of this 0.1 -micrometer order is seen 
atomically, it is very coarse irregularity. The sound resonator of a FBAR/SBAR format needs the piezo electric crystal 
ingredient which forms a columnar crystal with a crystal perpendicular to an electrode flat surface, and grows. At 
JP,2000-69594,A, although RMS fluctuation of the height of an electric conduction sheet parallel to the front face of a 
PSG layer is indicated to be less than 2 micrometers, there is specifically no concrete publication of RMS fluctuation of 
order smaller than 0.1 micrometers. RMS fluctuation of this 0.1 -micrometer order is surface roughness inadequate as a 
front face which forms the piezo electric crystal thin film for sound resonators. Although the attempt into which the 
piezo electric crystal film is grown up was performed, since the crystal grew in the various directions under the effect of 
much irregularity on a split face, the crystal quality of the obtained piezo electric crystal thin film was not necessarily 
enough, and was most or an inadequate thing which is not shown at all about the piezo-electric effect. 
[001 1] Instead of preparing the above air / crystal interfaces, there is also a method of preparing a suitable sound mirror. 
The big acoustic impedance which puts this approach between JP,6-295181,A like a publication, and becomes the 
bottom of structure from an acoustical Bragg reflection mirror is made. A Bragg reflection mirror is made by carrying 
out the laminating of the layer of the acoustic-impedance ingredient of height by turns. The thickness of each class is 
fixed to one fourth of the wavelength of resonance frequency. With sufficient number of layers, the effective impedance 
in a piezo electric crystal / electrode interface can be far made higher than the acoustic impedance of a component, 
therefore the acoustic wave in a piezo electric crystal can be shut up effectively. Since it puts and an opening does not 
exist under structure, the sound resonator obtained by this approach is called a solid-state sound mirror anchoring 
resonator (SMR). 

[0012] Although this approach has avoided the problem of the 1st above-mentioned method of making the film with 
which a periphery is fixed and a core can vibrate freely, and the 2nd approach, there are many troubles also in this 
approach. That is, since a metal layer forms the parasitism capacitor which degrades the electric engine performance of 
a filter and it cannot be used for the layer of a Bragg reflection mirror, selection of the ingredient used for a Bragg 
reflection mirror has a limit. The difference of the acoustic impedance of the layer made from an available ingredient is 
not large. Therefore, in order to shut up an acoustic wave, the layer of very many numbers is required. Since this 
approach must control the stress concerning each class to a precision, its manufacture process is complicated. Moreover, 
since it is difficult, the sound resonator of making Bahia which pierces through **** of a large number, such as 10 
thru/or 14, obtained by this approach is inconvenient to integration with other active elements. Furthermore, the sound 
resonator obtained by this approach in the example reported until now has an effective coupling coefficient quite lower 
than the sound resonator which has an air bridge. Consequently, the filter using SMR has narrow effective bandwidth as 
compared with what used the sound resonator of an air bridge type. 
[0013] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the FBAR/SBAR component which 
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has the improved engine performance. 

[0014] Other purposes of this invention are offering the FBAR/SBAR component of the high performance excellent in 
an electromechanical coupling coefficient, a sound quality factor (Q value), the temperature characteristic, etc. by 
raising the crystal quality of a thin film piezo electric crystal (PZ). 

[0015] Still more nearly another purpose of this invention is offering the FBAR/SBAR component of the high 
performance excellent in an electromechanical coupling coefficient, a sound quality factor (Q value), the temperature 
characteristic, etc. by devising the configuration of an upper part electrode. 
[0016] 

[Means for Solving the Problem] According to this invention, as what attains the purpose like **** A piezo electric 
crystal layer, It has the 1st electrode joined to the 1st front face of this piezo electric crystal layer, and the 2nd electrode 
joined to said 1st front face of said piezo electric crystal layer, and the 2nd front face of the opposite side. Thin film 
sound resonator ** to which, as for the 1st front face of said piezo electric crystal layer, RMS fluctuation of height is 
characterized by being 2.0nm or less is offered. 

[0017] this invention - setting RMS fluctuation of height Japanese Industrial Standards JIS the geometric property 
specification (GPS)-front face of a B0601 :2001"product description: - the profile curvilinear method-vocabulary, a 
definition, and a front face - description — it is mean square square root granularity:Rq given in parameter" (the same is 
said of invention given in the following). 

[0018] According to this invention, as what attains the purpose like **** Moreover, a piezo electric crystal layer, It has 
the 1st electrode joined to the 1st front face of this piezo electric crystal layer, and the 2nd electrode joined to said 1st 
front face of said piezo electric crystal layer, and the 2nd front face of the opposite side. Thin film sound resonator ** to 
which, as for the near front face of said piezo electric crystal layer of said 1st electrode, RMS fluctuation of height is 
characterized by being 2.0nm or less is offered. 

[0019] This invention sets like 1 voice and the RMS fluctuation of height of said 2nd front face of said piezo electric 
crystal layer is 0.50% or less of the thickness of said piezo electric crystal layer. 

[0020] This invention sets like 1 voice and said 2nd electrode has a center section and the periphery section thicker than 
this center section. This invention sets like 1 voice and the external waviness height of the front face of the center 
section of said 2nd electrode is 5.0% or less of the thickness of said piezo electric crystal layer. In addition, in this 
invention, external waviness height is the value converted into the external waviness height in 100 micrometers of 
measurement length. 

[0021] This invention sets like 1 voice and the periphery section of said 2nd electrode is located in the perimeter of the 
center section of said 2nd electrode in the shape of a frame. This invention sets like 1 voice and the thickness fluctuation 
of said center section of said 2nd electrode is 2% or less of the thickness of this center section. This invention sets like 1 
voice and the thickness of the periphery section of said 2nd electrode is 1 . 1 or more times of the height of the center 
section of said 2nd electrode. This invention sets like 1 voice and the periphery section of said 2nd electrode is located 
within the limits of the distance from the rim of said 2nd electrode to 40 micrometers. 

[0022] This invention sets like 1 voice, it puts, and the edge is supported by said substrate so that the structure may 
straddle the hollow which consists of said piezo electric crystal layer, said 1st electrode, and said 2nd electrode and 
which was formed on the surface of the substrate. This invention sets like 1 voice, the insulator layer formed on the 
front face of said substrate so that said hollow might be straddled is arranged, and said clip lump structure is formed on 
this insulator layer. 

[0023] According to this invention, as what attains the purpose like **** Furthermore, a piezo electric crystal layer, It is 
the approach of manufacturing the thin film sound resonator which has the 1st electrode joined to the 1st front face of 
this piezo electric crystal layer, and the 2nd electrode joined to said 1st front face of said piezo electric crystal layer, and 
the 2nd front face of the opposite side. Form a hollow on the surface of a substrate, and are filled up with a sacrifice 
layer in this hollow, and the front face of this sacrifice layer is ground so that RMS fluctuation of height may be set to 
l.Onm or less. Said 1st electrode is formed on them over some fields of the front face of said sacrifice layer, and the 
field of a part of front face of said substrate, this — said piezo electric crystal layer is formed on the 1st electrode, said 
2nd electrode is formed on this piezo electric crystal layer, and manufacture approach ** of the thin film sound 
resonator characterized by carrying out etching removal of said sacrifice layer from the inside of said hollow is offered. 
[0024] This invention sets like 1 voice, said 1st electrode is formed in 150nm or less in thickness, and the top face of 
this 1st electrode is made for RMS fluctuation of height to be set to 2.0nm or less. This invention sets like 1 voice, it 
precedes forming said 1st electrode on said sacrifice layer, and an insulator layer is formed. 
[0025] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, referring to a drawing. 
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[0026] Drawing 1 and d rawin g 2 are the typical sectional views for explaining the basic configuration of FBAR which is 
a thin film sound resonator by this invention, and SB AR, respectively. 

[0027] In drawing 1 , FBAR20 is equipped with the upper part electrode 21 and the lower part electrode 23, and these 
put and put a part of layer 22 of a piezo electric crystal (PZ) ingredient, and form structure. Suitable PZ ingredient is 
alumimium nitride (A1N) or a zinc oxide (ZnO). Although the electrodes 21 and 23 used for FBAR20 are suitably made 
from molybdenum, it is also possible to use other ingredients. The lower part electrode 23 is the 1st electrode, and the 
upper part electrode 21 is the 2nd electrode. 

[0028] This component uses the operation of the bulk elastic acoustic wave in a thin film PZ ingredient. If electric field 
arise between two electrodes 21 and 23 with applied voltage, PZ ingredient will transform a part of electrical energy 
into the mechanical energy of the form of an acoustic wave. An acoustic wave is spread in the same direction as electric 
field, and is reflected in an electrode / air interface. 

[0029] While resonating mechanically, a component can function as an electrical resonator, therefore a component can 
operate as a notch filter. The mechanical resonance of a component is generated on the frequency to which the thickness 
of the ingredient which an acoustic wave spreads becomes equal to the half-wave length of the acoustic wave 
concerned. The frequency of an acoustic wave is a frequency of the electrical signal impressed between an electrode 21 
and 23. Since the rate of an acoustic wave is smaller than the rate of light 5-6 figures, it can use the resonator obtained 
as a compact extremely. A flat-surface dimension can constitute the resonator to the application of a GHz band from 
order about 100 micrometers and whose thickness are several micrometers. 

[0030] Next, SBAR is explained with reference to drawing 2 . SBAR40 gives an electric function similar to a band-pass 
filter. SBAR(s)40 are two FBAR filters combined mechanically fundamentally. The signal which crosses electrodes 43 
and 44 with the resonance frequency of the piezo electric crystal layer 41 tells sound energy to the piezo electric crystal 
layer 42. The mechanical oscillation in the piezo electric crystal layer 42 is changed into the electrical signal which 
crosses electrodes 44 and 45. 

[0031] Drawing 3 - drawing 8 are the typical sectional views ( d raw ing 3 - drawing 6 , drawing 8 ) and typical top views 
( drawing 7 ) for explaining the manufacture approach of FBAR which is a sound resonator by this invention, and the 
operation gestalt of FBAR acquired by that cause. 

[0032] First, a hollow is formed in the usual silicon wafer 51 used for integrated-circuit manufacture by etching as 
shown in drawing 3 . The depth of a hollow is 3-30 micrometers suitably. FBAR puts and the depth of the cavity under 
structure should just permit the variation rate produced by the piezo electric crystal layer. Therefore, if there is the 
several micrometers depth of a cavity, it is enough. 

[0033] The thin layer 53 of silicon oxide is formed in the front face of a wafer 51 by thermal oxidation, and it is made 
for phosphorus not to be spread in a wafer 5 1 by this from PSG of the sacrifice layer formed at future processes on it. 
Thus, by controlling diffusion of the phosphorus into a wafer, it is prevented that a silicon wafer is changed into a 
conductor and it can lose the bad influence to the electrical operation of the produced component. What formed the 
silicon oxide thin layer 53 in the front face of a wafer 51 as mentioned above is used as a substrate. That is, drawing 3 
shows the condition that the depth formed the 3-30-micrometer hollow 52 suitably on the surface of the substrate. 
[0034] Next, the phosphoric acid quartz-glass (PSG) layer 55 is made to deposit on the thin layer 53 of the silicon oxide 
of a substrate as shown in drawing 4 . PSG is deposited at the temperature to about 450 degrees C using a silane and a 
phosphine (PH3), and forms the ** glass Mr. matter of about 8% of phosphorus contents. This low-temperature process 
is common knowledge at this contractor. Since PSG is a very clean inactive ingredient which can be made to 
accumulate at low temperature comparatively, and is etched with a very high etch rate with a dilution H2 0:HF solution, 
it is suitable as an ingredient of a sacrifice layer. In etching performed at future processes, the etch rate of about 3 
micrometers is obtained per minute at a dilution rate of 1 0: 1 . 

[0035] When the front face of the PSG [ having deposited ] sacrifice layer 55 is seen on atomic level, it is very coarse. 
Therefore, the PSG [ having deposited ] sacrifice layer 55 is inadequate as a base which forms a sound resonator. The 
sound resonator of a FB AR/SB AR format needs the piezoelectric material which forms a columnar crystal with a crystal 
perpendicular to an electrode surface, and grows. By polishing the front face of the PSG sacrifice layer 55 using the 
polish slurry containing a detailed polish particle, and smoothing, the thin film of the piezoelectric material of the 
outstanding crystal is formed. 

[0036] That is, by polishing the front face of the PSG layer 55 by the rough finishing slurry, on the whole, it flattens and 
the part of the PSG layer of the outside of a hollow 52 is removed as shown in drawing 5 . Next, the PSG layer 55 which 
remains is polished by the slurry containing a still more detailed polish particle. As an alternate method, as long as it 
may take polishing time amount for a long time, the two above-mentioned polishing steps may be performed using one 
still more detailed slurry. A target is mirror plane finishing. 
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[0037] The cleaning of a substrate which it became [ cleaning ] depressed as mentioned above and made the PSG layer 
55 remain in the location corresponding to 52 is also important. A slurry leaves little silica coarse powder on a substrate. 
This coarse powder must be removed. With the suitable operation gestalt of this invention, this coarse powder removal 
is performed using the 2nd polish implement to which a hard pad like the poly tex (Rodel Nitta Polytex (trademark): 
CO.) was attached. The wafer is put in into deionized water after using and polishing deionized water as lubricant in that 
case until preparation of the last cleaning step is completed. It warns against drying a substrate between the last 
polishing step and the last cleaning step. The last cleaning step consists of soaking a substrate in a series of tanks which 
are in close [ of various chemicals ]. Ultrasonic churning is added to each tank. Such a cleaning means is common 
knowledge at this contractor. 

[0038] The abrasive material consists of silica particles. With the suitable operation gestalt of this invention, the 
ammonia subject slurry (Rodel Klebosol#30N: Rodel Nitta) of a silica particle is used. 

[0039] Although the above explanation showed specific polish and the format of cleaning, the format of any polishes 
which give the front face of required smoothness, and cleaning can be used. With the suitable operation gestalt of this 
invention, RMS fluctuation of the height which measured the last front face with the atomic force microscope probe is 
l.Onm or less. 

[0040] After cleaning a front face as mentioned above, it puts and the lower part electrode 61 of the structure 60 is made 
to deposit as shown in drawing 6 . The suitable ingredient of the lower part electrode 61 is molybdenum (Mo). 
However, the lower part electrode 61 can also consist of other ingredients, for example, aluminum, W, Au, Pt, or Ti. 
Molybdenum (Mo) is suitable because of the low thermoelastic loss. For example, thermoelastic loss of Mo is about 1 of 
aluminum/56. 

[0041 ] The thickness of the lower part electrode 61 is also important. As for a thick layer, a front face becomes coarse 
from a film. It is very important for the engine performance of the resonator obtained to maintain the smooth front face 
for deposition of the piezo electric crystal layer 62. Therefore, the thickness of the lower part electrode 61 is 150nm or 
less suitably. Mo is suitably deposited by sputtering. Thereby, Mo layer 2.0nm or less is obtained for RMS fluctuation 
of surface height. 

[0042] Since it finishes depositing the lower part electrode 61, the piezo electric crystal layer 62 is deposited. The 
suitable ingredient of the piezo electric crystal layer 62 is A1N or ZnO, and also deposits this by sputtering. With the 
suitable operation gestalt of this invention, the thickness of the piezo electric crystal layer 62 is from 0.1 to 10 
micrometers (preferably 0.5 micrometers - 2 micrometers). As for the top face of the piezo electric crystal layer 62, it is 
desirable that RMS fluctuation of height is 0.50% or less of piezo electric crystal thickness (average), and it is desirable 
that external waviness height is 5.0% or less of the thickness of the piezo electric crystal layer 62. 
[0043] The upper part electrode 63 is made to deposit finally. The upper part electrode 63 consists of the same 
ingredients as the lower part electrode 61, and consists of Mo suitably. 

[0044] It consists of the lower part electrode 61, a piezo electric crystal layer 62, and an upper part electrode 63 as 
mentioned above, and it puts by etching with the dilution H2 0:HF solution from the part of the sacrifice layer 55 which 
was put and has been exposed, without [ the edge of the structure 60, or ] putting and being covered with the structure 
60 as it is shown in drawing 7 , after putting and forming the structure 60 by which patterning was carried out to the 
necessary configuration, and PSG of the lower part of the structure 60 is also removed. Thereby, the **** clip lump 
structure 60 remains on a hollow 52 cross-linking this morning as shown in drawing 8 . That is, it puts, and the edge is 
supported by the substrate so that the structure 60 may straddle the hollow 52 formed on the surface of the substrate. 
[0045] In FBAR obtained as mentioned above, RMS fluctuation of the height of the inferior surface of tongue of the 
lower part electrode 61 formed on it according to the front face (RMS fluctuation of height is l.Onm or less) of the 
sacrifice layer 55 is 2.0nm or less, and since this lower part electrode 61 has still thinner thickness, the RMS fluctuation 
of height of a top face is 2.0nm or less. And RMS fluctuation of the height of the inferior surface of tongue of the piezo 
electric crystal layer 62 formed on it according to the top face of this lower part electrode 61 is 2.0nm or less. In spite of 
not equipping the smooth top face of the lower part electrode 61 with the crystal structure used as the growth nucleus of 
the piezo electric crystal layer 62, it gives the piezo-electric property which formed the c-axis orientation of very regular 
structure in the piezo electric crystal layer 62 formed, and was excellent in it. 

[0046] Drawing 9 - drawing 10 are the typical sectional views for explaining the manufacture approach of FBAR which 
is a sound resonator by this invention, and still more nearly another operation gestalt of FBAR acquired by that cause. 
With this operation gestalt, after a process which was explained about the above-mentioned dr awing 3 -5, the insulator 
layer 54 is formed as shown in drawing 9 . The insulator layer 54 is Si02. It is the film and can deposit with a CVD 
method. The thickness of this insulator layer 54 is 50-1000nm, and the RMS fluctuation of height of that top face is 
2.0nm or less. It puts by performing a process which was moreover explained about above-mentioned drawing 6 , and 



http://wvvw4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/1/2004 



Page 6 of 9 



the structure 60 is formed. Subsequently, a process which was explained about above-mentioned drawing 7 and drawing 
8 is performed, and FBAR is obtained as shown in drawin g 10 . In that case, in order to carry out etching removal of the 
sacrifice layer 55, it puts, and it is the part of the edge of the structure 60, or the insulator layer 54 which puts and is not 
covered with the structure 60, opening of proper magnitude is formed in the upper part of the sacrifice layer 55, and an 
etching reagent is supplied from this opening. 

[0047] Since it puts, and the insulator layer 54 is arranged between the structure 60 and a cavity 52, it puts and the 
oscillating section is constituted also including the insulator layer 54 in addition to the structure 60, the reinforcement of 
FBAR of this operation gestalt of this oscillating section improves. 

[0048] The above operation gestalt is related with FBAR. However, probably, it will be clear to this contractor from the 
above explanation that it is possible to produce SBAR using the same process. In SBAR, another piezo electric crystal 
layer (2nd piezo electric crystal layer) and the electrode on it (2nd upper part electrode) must be deposited. Since the 
2nd piezo electric crystal layer is formed on the upper part electrode of "FBAR" as shown with the above-mentioned 
operation gestalt, it is desirable to give the suitable front face (for the 1st to be the same as that of the front face of the 
lower part electrode of a piezo electric crystal layer) for also maintaining the thickness of this upper part electrode to 
150nm or less, and depositing the 2nd piezo electric crystal layer. 

[0049] Drawing 1 1 is a typical sectional view for explaining the manufacture approach of FBAR which is a sound 
resonator by this invention, and still more nearly another operation gestalt of FBAR acquired by that cause, and drawing 
12 is the top view of the upper part electrode. With this operation gestalt, it differs from the operation gestalt which 
explained only the configuration of the upper part electrode 63 about the above-mentioned drawing 3 -8. 
[0050] With this operation gestalt, the upper part electrode 63 is located in the perimeter of a center section 63 1 and this 
center section in the shape of a frame, and it has the periphery section 632 of thickness from a center section 63 1 . The 
boundary of a center section 63 1 and the periphery section 632 is formed of the level difference. 
[0051] As for the thickness of the periphery section 632, it is desirable that they are 1.1 or more times of the thickness of 
a center section 63 1 . Moreover, as for thickness fluctuation of a center section 63 1 , it is desirable that it is 2% or less of 
the thickness (average) of this center section. The dimension a of the upper part electrode 63 is 100 micrometers. The 
periphery section 632 is located in within the limits from the rim of the upper part electrode 63 to distance b, and 
distance b is a value to 40 micrometers. 

[0052] It can prevent that control oscillating generating of the longitudinal direction in the upper part electrode 
periphery section, and an excessive spurious vibration laps with vibration of a sound resonator by considering as such 
upper part electrode structure. Consequently, the resonance characteristic and the quality factor of a sound resonator and 
a filter are improved. 

[0053] In order to obtain a still higher acoustical quality factor (Q value) with this operation gestalt, as for the external 
waviness height of the front face of the center section 63 1 of the upper part electrode 63, it is desirable to make it 
become 5.0% or less of the thickness of the piezo electric crystal layer 62. 

[0054] Although the sacrifice layer which consisted of PSGs is used with the above-mentioned operation gestalt of this 
invention, other ingredients can be used for a sacrifice layer. For example, the glass of other gestalten like BPSG 
(Boron-Phosphor-Silicate-Glass: boron-phosphorus-silicon-glass) or spin glass can also be used. There are poly vinyl 
which can be deposited on an ingredient by spinning besides this, polypropylene, and plastics like polystyrene. Since the 
front face of these deposited ingredients is not atomically smooth, also when it constitutes a sacrifice layer from these 
ingredients, surface smoothing by polish is important like [ in the case of a PSG sacrifice layer ]. These sacrifice layers 
are organic removal material or 02. It can also remove by plasma etching. 
[0055] 

[Example] Hereafter, an example explains this invention to a detail further. 

[0056] As it was indicated by [example 1] drawing 3 - drawing 8 , the thin film sound resonator was formed. 

[0057] First, the front face of the Si wafer 51 was covered with the Pt/Ti protective coat, and it became depressed about 

this protective coat by etching, it formed in the shape of [ for formation / predetermined ] a pattern, and the mask for 

etching of the Si wafer 5 1 was formed. Then, wet etching was performed using the Pt/Ti pattern mask, and the hollow 

with a width of face of 1 50 micrometers was formed in a depth of 20 micrometers as shown in drawing 3 . This etching 

was carried out at 70 degrees C of solution temperature using 5% of the weight of the KOH water solution. 

[0058] Then, it is Si02 with a thickness of 1 micrometer to the front face of the Si wafer 51 by thermal oxidation as a 

Pt/Ti pattern mask is removed and it is shown in drawing 3 . A layer 53 is formed and they are the Si wafer 51 and 

Si02. The structure where became depressed on the substrate which consists of a layer 53, and 52 was formed was 

acquired. 

[0059] Subsequently, Si02 in which the hollow 52 is formed as shown in drawing 4 The PSG sacrifice layer 55 with a 
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thickness of 30 micrometers was made to deposit on a layer 53. This deposition is 450 degrees C and was performed 
with the heat CVD method using the silane and the phosphine (PH3) as a raw material. 

[0060] Subsequently, as it was shown in drawing 5 , the front face of the PSG sacrifice layer 55 was ground, and the 
PSG sacrifice layer 55 of fields other than hollow 52 was removed. Then, the front face of the PSG sacrifice layer 55 
which remains in a hollow 52 is carefully ground using the slurry containing a detailed polish particle, and the surface 
roughness was made for RMS fluctuation of height to be set to 1 .Onm. 

[0061] Subsequently, the lower electrode 61 which consists of Mo film with a dimension of 200x200 micrometers by 
1 OOnm in thickness was formed on the PSG sacrifice layer 55 as shown in drawin g 6 . Formation of Mo film was 
performed by the DC magnetron sputtering method. And patterning of Mo film was performed by the lift-off method. 
When the surface roughness of formed Mo film was measured, RMS fluctuation of height was 1 .5nm. 
[0062] Subsequently, the piezo electric crystal layer 62 of 1.0-micrometer thickness which consists of ZnO film was 
formed on the lower electrode 61. Formation of the ZnO film uses ZnO as a sputtering target, and is Ar and 02 as 
sputtering gas. Using mixed gas, sputtering gas ** was set to 5mTorr(s), and it carried out by the RF magnetron 
sputtering method at the substrate temperature of 400 degrees C. When the surface roughness of the formed ZnO film 
was measured, RMS fluctuation of height was 0.5% or less of 4.0nm of thickness. Patterning of the ZnO film was 
carried out to the predetermined configuration by wet etching, and the piezo electric crystal layer 62 was obtained. 
[0063] Subsequently, the up electrode 63 which consists of Mo film with a thickness of 1 OOnm was formed on the piezo 
electric crystal layer 62. Formation and patterning of Mo film were made to be the same as that of the time of formation 
of the lower electrode 61 . When it surged by measurement die length of 1 50 micrometers, height was measured and the 
maximum of external waviness height with a measurement die length of 100 micrometers was investigated about the 
front face of the up electrode 63, it was 5.0% or less of 30nm of the thickness of the piezo electric crystal layer 62. 
[0064] Subsequently, the PSG sacrifice layer 55 was removed by etching with a dilution H2 0:HF solution. Thereby, on 
the hollow 52, Mo/ZnO/Mo put and the structure 60 formed the **** gestalt cross-linking this morning as shown in 
drawing 8 . 

[0065] When thin film XRD analysis of the obtained piezo electric crystal layer 62 was performed, as a result of a 
membranous c-axis f s being the direction of 88.8 degrees and investigating the amount of preferred orientation with a 
rocking curve to a film surface, the full width at half maximum is 2.4 degrees, and showed the good stacking tendency. 
[0066] While measuring the impedance characteristic between the up electrode 63 and the lower electrode 61 about the 
sound resonator obtained as mentioned above using a microwave prober, resonance frequency fr and antiresonant 
frequency fa are measured, and it is based on such measured value, and it is an electromechanical coupling coefficient 
kt2. It computed. Electromechanical coupling coefficient kt2 It was 5.5% and the acoustical quality factor was 700. 
[0067] The sound resonator was produced like the example 1 except having ground so that RMS fluctuation of height 
might be set to 30nm in the surface roughness of the [example 1 of comparison] PSG sacrifice layer 55. 
[0068] When the surface roughness of Mo film of the lower electrode 61 was measured, RMS fluctuation of height was 
34nm. Moreover, when the surface roughness of the ZnO film was measured, RMS fluctuation of height was 37nm 
exceeding 0.5% of thickness. When it surged by measurement die length of 150 micrometers, height was measured and 
the maximum of external waviness height with a measurement die length of 100 micrometers was investigated about the 
front face of the up electrode 63, it was 1 lOnm exceeding 5.0% of the thickness of the piezo electric crystal layer 62. 
[0069] When thin film XRD analysis of the obtained piezo electric crystal layer 62 was performed, as a result of the 
membranous c-axis f s having grown to be the include angle of 87.0 degrees to a film surface and a rocking curve's 
investigating the amount of preferred orientation, the full width at half maximum was 6.8 degrees. 
[0070] Electromechanical coupling coefficient kt2 of the sound resonator obtained as mentioned above It was 3.4% and 
the acoustical quality factor was 430. 

[0071] The sound resonator was produced like the example 1 except having used what replaces with the ZnO film as a 
[example 2] piezo electric crystal layer 62, and consists of A1N film. That is, the piezo electric crystal layer 62 of 1.2- 
micrometer thickness which consists of A1N film was formed on the lower electrode 61 . Formation of the A1N film uses 
aluminum as a sputtering target, and is Ar and N2 as sputtering gas. It carried out by the RF magnetron sputtering 
method at the substrate temperature of 400 degrees C using mixed gas. When the surface roughness of the formed A1N 
film was measured, RMS fluctuation of height was 0.5% or less of 2.4nm of thickness. When it surged by measurement 
die length of 150 micrometers, height was measured and the maximum of external waviness height with a measurement 
die length of 100 micrometers was investigated about the front face of the up electrode 63, it was 5.0% or less of 33nm 
of the thickness of the piezo electric crystal layer 62. 

[0072] When thin film XRD analysis of the obtained piezo electric crystal layer 62 was performed, as a result of a 
membranous c-axis's being the direction of 88.6 degrees and investigating the amount of preferred orientation with a 
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rocking curve to a film surface, the full width at half maximum is 2.8 degrees, and showed the good stacking tendency. 
[0073] Electromechanical coupling coefficient kt2 of the sound resonator obtained as mentioned above It was 6.6% and 
the acoustical quality factor was 910. 

[0074] The sound resonator was produced like the example 2 except having ground so that RMS fluctuation of height 
might be set to 33nm in the surface roughness of the [example 2 of comparison] PSG sacrifice layer 55. 
[0075] When the surface roughness of Mo film of the lower electrode 61 was measured, RMS fluctuation of height was 
36nm. Moreover, when the surface roughness of the A1N film was measured, RMS fluctuation of height was 40nm 
exceeding 0.5% of thickness. When it surged by measurement die length of 150 micrometers, height was measured and 
the maximum of external waviness height with a measurement die length of 100 micrometers was investigated about the 
front face of the up electrode 63, it was 150nm exceeding 5.0% of the thickness of the piezo electric crystal layer 62. 
[0076] When thin film XRD analysis of the obtained piezo electric crystal layer 62 was performed, as a result of the 
membranous c-axis's having grown to be the include angle of 86.5 degrees to a film surface and a rocking curve's 
investigating the amount of preferred orientation, the full width at half maximum was 7.0 degrees. 
[0077] Electromechanical coupling coefficient kt2 of the sound resonator obtained as mentioned above It was 3.8% and 
the acoustical quality factor was 470. 

[0078] As it was indicated by [example 3] drawing 3 - drawing 5 , drawing 9 - drawing 10 , the thin film sound 
resonator was formed. 

[0079] First, the structure shown in drawing 5 was obtained like the example 1. However, the front face of the PSG 
sacrifice layer 55 which remains in a hollow 52 is ground using the slurry containing a detailed polish particle, and the 
surface roughness was made for RMS fluctuation of height to be set to 0.6nm. 

[0080] Subsequently, it is Si02 with a thickness of 500nm by the CVD method on a substrate so that the front face of 
the PSG sacrifice layer 55 may also be covered as shown in drawing 9 . The insulator layer 54 which consists of film 
was formed. When the surface roughness of the formed insulator layer 54 was measured, RMS fluctuation of height was 
1.5nm. 

[0081] Subsequently, on the insulator layer 54, like the example 1, the lower electrode 61 which consists of Mo film 
was formed as shown at drawing 10 . When the surface roughness of formed Mo film was measured, RMS fluctuation 
of height was 1 .8nm. 

[0082] Subsequently, the piezo electric crystal layer 62 which consists of ZnO film was formed on the lower electrode 
61 like the example 1. When the surface roughness of the formed ZnO film was measured, RMS fluctuation of height 
was 0.5% or less of 4.5nm of thickness. 

[0083] Subsequently, the up electrode 63 which consists of Mo film was formed on the piezo electric crystal layer 62 
like the example 1 . When it surged by measurement die length of 150 micrometers, height was measured and the 
maximum of external waviness height with a measurement die length of 100 micrometers was investigated about the 
front face of the up electrode 63, it was 5.0% or less of 27nm of the thickness of the piezo electric crystal layer 62. 
[0084] Subsequently, opening of the Bahia hall which reaches the PSG sacrifice layer 55 was carried out to the part 
which has exposed the insulator layer 54, and the PSG sacrifice layer 55 was removed by etching with a dilution H2 
OrHF solution through this opening. Thereby, on the hollow 52, the insulator layer 54 and Mo/ZnO/Mo put and the 
layered product with the structure 60 formed the **** gestalt cross-linking this morning as shown in drawing 10 . 
[0085] When thin film XRD analysis of the obtained piezo electric crystal layer 62 was performed, as a result of a 
membranous c-axis ? s being the direction of 88.8 degrees and investigating the amount of preferred orientation with a 
rocking curve to a film surface, the full width at half maximum is 2.3 degrees, and showed the good stacking tendency. 
[0086] While measuring the impedance characteristic between the up electrode 63 and the lower electrode 61 about the 
sound resonator obtained as mentioned above using a microwave prober, resonance frequency fr and antiresonant 
frequency fa are measured, and it is based on such measured value, and it is an electromechanical coupling coefficient 
kt2. It computed. Electromechanical coupling coefficient kt2 It was 5.4% and the acoustical quality factor was 680. 
[0087] The sound resonator was produced like the example 3 except having ground so that RMS fluctuation of height 
might be set to 32nm in the surface roughness of the [example 3 of comparison] PSG sacrifice layer 55. 
[0088] Si02 of the insulator layer 54 When membranous surface roughness was measured, RMS fluctuation of height 
was 36nm. Moreover, when the surface roughness of Mo film of the lower electrode 61 was measured, RMS fluctuation 
of height was 38nm. Moreover, when the surface roughness of the ZnO film was measured, RMS fluctuation of height 
was 39nm exceeding 0.5% of thickness. When it surged by measurement die length of 150 micrometers, height was 
measured and the maximum of external waviness height with a measurement die length of 100 micrometers was 
investigated about the front face of the up electrode 63, it was 92nm exceeding 5.0% of the thickness of the piezo 
electric crystal layer 62. 
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[0089] When thin film XRD analysis of the obtained piezo electric crystal layer 62 was performed, as a result of the 
membranous c-axis f s having grown to be the include angle of 86.5 degrees to a film surface and a rocking curve's 
investigating the amount of preferred orientation, the full width at half maximum was 6.7 degrees. 
[0090] Electromechanical coupling coefficient kt2 of the sound resonator obtained as mentioned above It was 2.9% and 
the acoustical quality factor was 390. 

[0091] The sound resonator was produced like the example 2 except formation of the [example 4] up electrode 63. That 
is, after forming Mo film with a thickness of lOOnm on the piezo electric crystal layer 62 like an example 2, in the field 
with a width of face of 30 micrometers, Mo film with a thickness of 20nm was further formed by the lift-off method 
from the rim, and the up electrode 63 as shown in drawing 1 1 was formed. 

[0092] When it surged by measurement die length of 100 micrometers and height was investigated about the front face 
of the center section 631 of the up electrode 63, it was 5.0% or less of 34nm of the thickness of the piezo electric crystal 
layer 62. 

[0093] Electromechanical coupling coefficient kt2 of the sound resonator obtained as mentioned above It was 7.0% and 

the acoustical quality factor was 960. 

[0094] 



[Table 






FBARflttfi 






ttttfl 

RUS(na) 






E tt * ft IS 


±»*HJB 




earn 
mm 

Q 






RMSCwa) 




RMS (nil) 


m 


RHS(m) 


(<teg) 




m 


(m) 




mm i 


1.0 






Ho 


1.5 


ZnO 


4.0 


89.2 


2.1 


lb 


34 


6.0 


770 




1.0 






Ho 


1.5 


Alfl 


2.4 


89.0 


2.5 


Ho 


38 


6.9 


960 




0.S 


SiO. 


1-5 


Ho 


1.8 


ZnO 


4.5 


89.2 


2.0 


Ho 


30 


5.7 


730 




1.0 






Mo 


1.5 


A1N 


2.6 


89.7 


2.5 


Ho 


40 


7.5 


1000 


ami 


30 






Ho 


34 


ZnO 


37 


87.0 


6.5 


Ho 


220 


3.8 


460 


ami 2 


33 






Ho 


36 


A1N 


40 


86.5 


7.0 


Ho 


280 


4.0 


500 


wm3 


32 


SiO, 


36 


Ho 


38 


ZnO 


39 


86.6 


6.7 


Ho 


185 


3.3 


420 



[0095] 

[Effect of the Invention] As explained above, according to this invention, RMS fluctuation of height sees on the atomic 
level of l.Onm or less, and forms the 1st electrode through a direct or insulator layer on a smooth sacrifice layer front 
face. Since the front face of this 1st electrode is made for RMS fluctuation of height to be set to 2.0nm or less and a 
piezo electric crystal layer is formed on it The crystallinity of the 1st electrode improves, the stacking tendency and 
crystal quality of a piezo electric crystal layer are remarkably improved according to this, and, thereby, the highly 
efficient thin film sound resonator excellent in the electromechanical coupling coefficient and the acoustical quality 
factor is offered. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
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